Immunocytochemistry has become a widely used procedure for characterising cells in tissue sections and in suspension. The introduction of monoclonal antibodies' substantially increased the specificity, reliability, and reproducibility of this technique. Cell typing with monoclonal antibodies has led to the discovery of heterogeneity within morphological homogeneous cell populations. This has not only resulted in a new understanding of cell physiology but also has important consequences for the diagnosis and treatment of human disorders. Lymphocytic leukaemias and non-Hodgkin's lymphomas, for example, can now be classified by the finding of intracellular and surface antigens, and the resulting subgroups are of major clinical importance. 24 Antibodies bound to antigens on cells in suspension can 20 min (100 mg of 4-chloro-1-naphthol (Sigma) in 2-0 ml of absolute ethanol and 500 ml of 0'05 M Tris-HCI buffer, pH 7-6, containing 3-8 g of NaCl; stirred at room temperature overnight, filtered, and stored in aliquots at -20°C; H202 was added to a final concentration of 0-06% immediately before use). 5 Biotinylated horse antimouse IgG (1/200). 6 Avidin-biotin-peroxidase complex prepared 30 min before use according to the recommendations of the manufacturer (1/100 each). 7 Staining of marker peroxidase with 3-amino-9-ethyl carbazole for 10 min (20 mg of 3-amino-9-ethyl carbazole (Sigma) in 5*0 ml of N, N-dimethyl formamide (Sigma) plus 100 ml of 0-1 M acetate buffer, pH 5 2; stirred at room temperature, filtered, and stored in aliquots at -20°C; H202 was added to a final concentration of 0 0006% immediately before use). 8 Mounting in Kaisei's glycerine jelly (Merck) without counterstaining.
Double labelling technique
Blocking of polylysine, incubations, washings, fixation, and staining with trypan blue, 4-chloro-1-naphthol, and 3-amino-9-ethyl carbazole were carried out as described for the single labelling technique. 1 Incubation of the cells with a mixture of two primary antibodies (A and B) of different speciesfor example, goat and rabbit-or different isotypes. 2 Trypan blue staining. 3 Fixation. 4 In the case of primary antibodies of different isotype, addition of a mixture of appropriate dilutions of two secondary antibodies (goat anti-A and rabbit anti-B), selected for maximal reactivity with the respective isotype without cross reactivity with other isotypes. 5 4-Chloro-1-naphthol. 6 Addition of a mixture of two species specific secondary/tertiary antibodies (swine antigoat, biotinylated, and swine antirabbit, unlabelled, 1/20 each). 7 Incubation with a mixture of avidin, alkaline phosphatase coupled, and rabbit peroxidaseantiperoxidase complex, 1/100 each. 8 Demonstration of the alkaline phosphatase activity with one of the following substrates: fast blue BB, 1 mg/ml, and naphthol-AS-MXphosphate, 1 mg/ml, or variamine blue B, 1 mg/ml, and naphthol-AS-GR-phosphate, 1 mg/ml, in 0-2 M Tris-HCI buffer, pH 8-7. Frickhofen, Bross, Heit, Heimpel with 4-chloro-1-naphthol before the addition of the marker peroxidase, peroxidase positive cells can be identified by black-brown deposits in the cytoplasm, which contrast well with the bright red granules produced later on by the horseradish peroxidase and 3-amino-9-ethyl carbazole on the surface of the same cell or other cell populations (Fig. 1) . 4 Finally, a double marker system was established for use with the slide method. Alkaline phosphatase was chosen as the second enzyme, since there is a wide selection of substrates and couplers from which to choose the one giving the best contrast to the red peroxidase substrate.'2 Naphthol-AS-MXphosphate/fast blue BB (blue) and naphthol-AS-GR-phosphate/variamine blue B (green) gave the best results among several other combinations tested. To link the enzymes to antibodies of different species or different isotypes of the same species, a combination of the peroxidase-antiperoxidase method and a biotin-avidin system proved superior to enzymes directly coupled with the secondary antibodies.
APPLICATION FOR MARKER ANALYSIS
To demonstrate the validity of the method described, peripheral blood mononuclear cells from 27 normal volunteers (age 19-67 years, median 29) were analysed with monoclonal antibodies of known specificity. The Table shows Results of surface marker analysis with monoclonal antibodies and a fluorescence method, based on the same slide technique, have recently been published.'9 Enzyme coupled reagents were used since there are definite practical advantages-for example, permanent preparations and evaluation by an ordinary light microscope-and the sensitivity is at least comparable to immunofluorescence. The assay is particularly sensitive if unlabelled antibody techniques such as peroxidase-antiperoxidase6 and alkaline phosphatase-anti-alkaline phosphatase20 or the avidin-biotin-peroxidase complex technique7 are used instead of enzyme-antibody conjugates. Increased sensitivity has, however, to be balanced against the additional expenditure of time, compared with directly coupled reagents which are now commercially available in high quality.
In our assay horseradish peroxidase can be used for immunoenzymatic labelling of peroxidase positive cells without inhibiting the endogenous enzyme: both peroxidases can be visualised separately by the successive development of different substrates, resulting in visible precipitates at the site of either enzyme.2' The lysosomal enzyme in monocytes and granulocytes and the pseudoperoxidase activity in erythroblasts can be used as an additional cell marker, which does not interfere with subsequent surface marker analysis. Reliable discrimination of the two labels even within a single cell is due to localisation on different cell structures-that is, granules or cytoplasm and surface membrane. The same holds true for our double labelling assay: if peroxidase and alkaline phosphatase are bound to different cells or different structures within a single cell-for example, TdT in the nucleus and la on the cell membrane, data not shown-the resulting coloured precipitates can be reliably discriminated. Double labelling of antigens on the same cell structure, however-for example, OK18 and Leu7 on the membrane of a single cell (Fig. 2) 
